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SEMICONDUCTOR DEVICE AND METHOD 
FOR FABRICATING THE SAME 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to a semiconductor 
device and a method for manufacturing the same; and more 
particularly to, contact for a thin-?lm poly-Si gate in a multi 
layered semiconductor device. 

BACKGROUND OF THE INVENTION 

A conventional multi-layered semiconductor device may 
include a contact hole, Which electrically couples a Wiring 
pattern, formed in an upper layer, to an electrode, formed in a 
loWer layer. A barrier metal may be formed on an inside 
surface of the contact hole, and is alloyed With the electrode in 
a RTN (Rapid Thermal Nitridaition) process. After the RTN 
process, a contact material is ?lled in the contact hole. HoW 
ever, according to the conventional semiconductor device, 
voids may be formed betWeen the contact material and the 
electrode. As a result, electrical connection betWeen the Wir 
ing pattern and the electrode Would be deteriorated. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a semiconductor device in Which reliable contact is 
provided betWeen a Wiring layer and an electrode, Which are 
formed in the different layers. 

Another object of the present invention to provide a method 
for fabricating a semiconductor device in Which reliable con 
tact is provided betWeen a Wiring layer and an electrode, 
Which are formed in the different layers. 

Additional objects, advantages and novel features of the 
present invention Will be set forth in part in the description 
that folloWs, and in part Will become apparent to those skilled 
in the art upon examination of the folloWing or may be learned 
by practice of the invention. The objects and advantages of the 
invention may be realiZed and attained by means of the instru 
mentalities and combinations particularly pointed out in the 
appended claims. 

SUMMARY OF THE INVENTION 

According to a ?rst aspect of the present invention, a semi 
conductor device, includes a semiconductor substrate; a ?rst 
insulating layer formed on the semiconductor substrate; a ?rst 
electrode formed on the ?rst insulating layer; an interlayer 
dielectric formed over the ?rst electrode; a Wiring layer 
formed over the interlayer dielectric; a ?rst contact hole 
formed through the interlayer dielectric betWeen the ?rst 
electrode and the Wiring layer; and a barrier metal layer 
formed on an inner surface of the ?rst contact hole. The ?rst 
contact hole is formed to pass through the ?rst electrode and 
reach an inside of the ?rst insulating layer. The barrier metal 
layer is formed after the ?rst contact hole is completely 
formed. 

The ?rst insulating layer may be an element-isolation 
region, Which isolates adjacent semiconductor elements. The 
barrier metal layer may be of a material selected from Ti, W, 
Mo, TiSi, TiN, TiW and WSi. The ?rst electrode may be of 
Poly-Silicon. The barrier metal layer may be alloyed With the 
?rst electrode by an RTN (Rapid Thermal Nitridation) pro 
cess. 

Preferably, the ?rst contact hole is formed by a tWo-step 
process, in Which an intermediate hole is formed to an upper 
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2 
surface of the ?rst insulating layer in a ?rst step and the ?rst 
contact hole is completed in a second step. The ?rst and 
second steps may be of etching process With different process 
conditions. 
The semiconductor device may further include a second 

insulating layer formed over the ?rst electrode; and a second 
electrode formed on the second insulating layer. The ?rst 
electrode may be a loWer gate of a capacitor, and the second 
electrode may be an upper gate of a capacitor. 
The semiconductor device may include a pair of contact 

holes, and the ?rst electrode is of a resistor. 
The semiconductor device may further include a non-vola 

tile memory cell formed on the semiconductor substrate. The 
non-volatile memory cell may include a source region formed 
on the semiconductor substrate; a drain region formed on the 
semiconductor substrate; a tunnel oxide layer formed over the 
source and drain region; a second contact hole formed 
through the interlayer dielectric betWeen one of the source 
and drain regions and the Wiring layer; and a third contact 
hole formed through the interlayer dielectric betWeen one of 
the source and drain regions and the Wiring layer. 
As described above, according to the present invention, the 

?rst contact hole is formed to pass through the ?rst electrode 
and reach an inside the ?rst insulating layer, so that only a side 
surface of the ?rst electrode is in contact With the barrier 
metal layer. In other Words, the barrier metal layer and the ?rst 
electrode are in contact With each other at a smaller area. 
Since the barrier metal layer is formed by a sputtering pro 
cess, the barrier metal layer has a larger thickness at the 
bottom of the ?rst contact hole, Which is about double of the 
inner- side surface of the ?rst contact hole. Therefore, reaction 
velocity (rate) betWeen Ti in the barrier metal layer and sili 
con in the ?rst electrode is decreased. As a result, voids can be 
prevented from being formed in the ?rst electrode, and elec 
trical connection betWeen the Wiring pattern in the upper 
layer and the ?rst electrode in the loWer layer Would be 
reliable. 

According to a second aspect of the present invention, a 
method for fabricating a semiconductor device, including the 
steps of providing a semiconductor substrate; forming a ?rst 
insulating layer on the semiconductor substrate; forming a 
?rst electrode on the ?rst insulating layer; forming an inter 
layer dielectric over the ?rst electrode; forming a ?rst contact 
hole through the interlayer dielectric to pass through the ?rst 
electrode and reach an inside of the ?rst insulating layer; 
forming a barrier metal layer on an inner surface of the ?rst 
contact hole; and forming a Wiring layer on the ?rst contact 
hole so that the Wiring layer is electrically coupled to the ?rst 
electrode. 
The ?rst insulating layer may be an element-isolation 

region formed by LOCOS technique. 
Preferably, the step forming the ?rst contact hole includes 

the steps of forming an intermediate hole is to an upper 
surface of the ?rst insulating layer; and completing the ?rst 
contact hole to get into the ?rst insulating layer. The step 
forming the ?rst contact hole is carried out by tWo step of 
etching process With different conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1L are cross-sectional vieWs shoWing fabrica 
tion steps of a semiconductor device according to a ?rst 
preferred embodiment of the present invention. 

FIG. 2 is a cross-sectional vieW shoWing a semiconductor 
device according to a second preferred embodiment of the 
present invention. 
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DETAILED DISCLOSURE OF THE INVENTION 

In the following detailed description of the preferred 
embodiments, reference is made to the accompanying draW 
ings Which form a part hereof, and in Which is shoWn by Way 
of illustration speci?c preferred embodiments in Which the 
inventions may be practiced. These preferred embodiments 
are described in su?icient detail to enable those skilled in the 
art to practice the invention, and it is to be understood that 
other preferred embodiments may be utiliZed and that logical, 
mechanical and electrical changes may be made Without 
departing from the spirit and scope of the present inventions. 
The folloWing detailed description is, therefore, not to be 
taken in a limiting sense, and scope of the present inventions 
is de?ned only by the appended claims. 

FIGS. 1A-1L are cross-sectional vieWs shoWing fabrica 
tion steps of a semiconductor device according to a ?rst 
preferred embodiment of the present invention. First, as 
shoWn in FIG. 1A, a semiconductor substrate 10 of P-type 
silicon is provided. Next, as shoWn in FIG. 1B, an element 
isolation region (?rst insulating layer) 12 is formed on the 
semiconductor substrate 10 by a LOCOS (Local Oxidation of 
Silicon) process. The element isolation region 12 is of a 
thermal oxide layer having a thickness of 600 nm. Another 
thermal oxide layer 14 is formed at an active region on the 
semiconductor substrate 10 by a Wet oxidation process at 
900.degree. C. to have a thickness of 10 nm. The thermal 
oxide layer 14 is to be used as a tunnel oxide layer of a 
non-volatile memory. 

Subsequently, a poly-silicon layer is formed over the oxide 
layers 12 and 14, by an LP-CVD process. The poly-silicon 
layer on the oxide layer 14 is to be used as a ?oating gate of a 
non-volatile memory. The poly-silicon layer on the oxide 
layer 12 is to be used as a loWer gate of a capacitor. The 
poly-silicon layer is formed to have a thickness of around 100 
nm for a thinner structure and better processability. 

After that, phosphorus is ion-implanted into the poly-sili 
con layer to make the poly-silicon layer have an N conductive 
type. The ion implantation process is carried out at P+ l0 KeV 
lEl5ions, and With an appropriate energy level, Which is 
determined so that Rp existing in the poly-silicon and phos 
phorus (P) does not get in the tunnel oxide layer 14. Next, as 
shoWn in FIG. 1C, a ?oating gate 18 and a loWer gate (?rst 
electrode) 20 are formed in a dry etching process using a 
photo-resist as a mask. 

Next, as shoWn in FIG. 1D, an insulating layer 22 is formed 
over the ?oating gate 18 of a non-volatile memory and the 
loWer electrode 20 of a capacitor. The insulating layer 22 is of 
a thermal oxide layer formed at 10000 C. to have a thickness 
of 20 nm. The insulating layer 22 may have triple-layered 
structure, in Which a nitride layer is arranged betWeen upper 
and loWer oxide layers. 

After that, a W-polycide layer, Which is to be functioning 
?nally as a control gate of a non-volatile memory and an 
upper gate of a capacitor, is formed over the insulating layer 
22. In this process, ?rst, a poly-silicon layer is formed by an 
LP-CVD process to have a thickness of 100 nm; then phos 
phorus (P) having a density of about 4E20ions/cm3 is dif 
fused in the poly-silicon layer by a phosphorus diffusion 
technique. Next, tungsten (W) is formed on the poly-silicon 
layer to have a thickness of about 100 nm by a sputtering 
process. After that, as shoWn in FIG. 1E, a control gate 26 of 
a non-volatile memory and an upper electrode 24 of a capaci 
tor are formed above the ?oating gate 18 and the loWer elec 
trode 20, respectively, by a dry-etching process using a photo 
resist as a mask. 
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4 
Next, as shoWn in FIG. 1E, a source/ drain region 30, Which 

is an N-type diffusion layer, for a non-volatile memory is 
formed by an ion-implantation process. The ion-implantation 
process is carried out at As+ 60 KeV 5El5. Ifa high voltage 
of 10 v-20 v is applied to a drain in an erase/Write operation, 
a combination of tWo different conditions of processing, P+ 
80 KeV 5El4 and As+ 60 KeV 5El5, Would be employed to 
increase pressure resistance of bonding. 

Subsequently, as shoWn in FIG. 1G, an interlayer dielectric 
(interlayer insulation) 32 is formed over the entire structure to 
insulate the electrodes 18, 20, 22 and 24 and a Wiring layer 
(40) from each other. The interlayer dielectric 32 is formed by 
depositing a BPSG (boro-phospho silicate glass) layer to have 
a thickness of 800 nm and performing a thermal treatment 
thereto at 850.degree. C. for thirty minutes to improve ?at 
ness. 

Next, contact holes are formed. Contact holes 134a, 134b, 
1340 and 134d, to be ?nally connected to the loWer electrode 
20 of a capacitor, the upper electrode 34 of the capacitor and 
source/drain regions 30, are formed in the same process. As 
shoWn in FIG. 1H, intermediate contact holes 34a, 34b, 34c 
and 34d are formed by a ?rst etching process under conditions 
in Which etching rates of silicon and silicon oxide layer are 
high but an etching rate of tungsten (W) is loW. For example, 
the ?rst etching process is carried out With an etching gas of 
CF4 or CHF3 at a pressure of 7 Torr and a temperature of 
—l0.degree. C. 
The ?rst etching process for contact holes is terminated at 

upper surfaces of the upper electrode 24 of the capacitor, the 
element isolation layer 12 and the source/drain region 30 of 
the non-volatile memory. In other Words, the intermediate 
contact holes 34a and 34b for a capacitor reach upper surfaces 
of the upper electrode 24 of the capacitor and the element 
isolation layer 12, respectively. The intermediate contact 
holes 340 and 34d for a non-volatile memory reach upper 
surface of the source/ drain region 30. 
NoW referring to FIG. 1H, complete contact holes 134a, 

134b, 1340 and 134d are formed by a second etching process 
under conditions in Which an etching rate of silicon oxide 
layer is high but etching rates of silicon and tungsten (W) are 
loW. For example, the second etching process is carried out 
With an etching gas of HBr, Cl2 or O2 at a pressure of 2 Torr 
and a temperature of 40.degree. C. The intermediate contact 
holes 3411, 34c and 34d are noW expanded into complete 
contact holes 134a, 1340 and 134d, respectively. 
The contact hole (?rst contact hole) 13411 is formed to pass 

through the loWer electrode 20 of a capacitor and reach an 
inside of the element isolation layer 12. The contact holes 
1340 and 134d are formed to pass through the oxide layer 14 
and reach an upper surface of the source/ drain region 30. 

For a clear understanding, each of FIGS. 1] and 1K shoWs 
only a region around the loWer electrode 20 of a capacitor. As 
shoWn in FIG. 1], a barrier metal layer 36 is formed on an 
inner surface ofthe contact holes 134a, 134b, 1340 and 134d 
by a sputtering process to have a thickness of 80 nm. The 
barrier metal layer 36 may be of a material selected from Ti, 
W, Mo, TiSi, TiN, TiW and WSi. In this embodiment, Ti is 
employed as a barrier metal. The barrier metal layer 36 has a 
thickness of 50-100 nm at the bottoms and 25-50 nm at 
inner-side surfaces of the contact holes 134a, 134b, 1340 and 
134d. After that, the barrier metal layer 36 is alloyed With 
silicon in an RTN (Rapid Thermal Nitridation) process at 
800.degree. C. for 30 seconds. 

Next, as shoWn in FIG. 1K, a contact material 38 of W 
(tungsten) is ?lled in the contact holes 134a, 134b, 1340 and 
134d by a CVD process and an anisotropic etching process. In 
more detail, ?rst a W ?lm is formed in the contact holes 134a, 
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134b,134c and 134d by a CVD process, and then, a part ofthe 
W ?lm is removed by an anisotropic etching process. 

Subsequently, an Al layer is formed on the interlayer 
dielectric 32 by a sputtering process to have a thickness of 800 
nm. After that, as shoWn in FIG. 1L, the Al layer is patterned 
to form a Wiring layer 40 of Al on the contact holes 134a, 
134b, 1340 and 134d. 
As described above, according to the ?rst preferred 

embodiment of the present invention, the contact hole 13411 is 
formed to pass through the loWer electrode 20 and reach an 
inside the element isolation region 12, so that only a side 
surface of the loWer electrode 20 is in contact With the barrier 
metal 36. In other Words, the barrier metal layer 36 and the 
loWer electrode 20 are in contact With each other at a smaller 
area. Since the barrier metal layer 3 6 is formed by a sputtering 
process, the barrier metal layer 36 has a larger thickness at the 
bottom of the contact hole 13411, which is about double of the 
inner-side surface of the contact hole 134a. Therefore, reac 
tion velocity (rate) betWeen Ti in the barrier metal layer 36 
and silicon in the loWer electrode 20 is decreased. As a result, 
voids can be prevented from being formed in the loWer elec 
trode 20, and electrical connection betWeen the Wiring pattern 
40 and the loWer electrode 20 Would be reliable. 

FIG. 2 is a cross-sectional vieW shoWing a semiconductor 
device according to a second preferred embodiment of the 
present invention, in Which the same or corresponding com 
ponents to those in FIGS. 1A-1L are represented by the same 
reference numerals and the same description is not repeated. 
The second preferred embodiment, shoWn in FIG. 2, is 
applied to a poly-resistor, While the ?rst preferred embodi 
ment is applied to a poly-capacitor. The semiconductor 
device (poly-resistor) includes a pair of contact holes 234a 
and 2341) both of Which are formed to pass through an elec 
trode 220 and reach an inside of an element isolation region 
12. The semiconductor device according to the second pre 
ferred embodiment can be fabricated in the same steps as the 
?rst preferred embodiment. 

What is claimed is: 
1. A semiconductor device, comprising: 
a semiconductor substrate; 
a ?rst insulating layer formed on the semiconductor sub 

strate; 
a ?rst electrode formed on the ?rst insulating layer; 
an interlayer dielectric formed over the ?rst electrode; 
a Wiring layer formed over the interlayer dielectric; 
a barrier metal layer formed on an inner surface of a ?rst 

contact hole; 
a second insulating layer formed over the ?rst electrode; 

and 
a second electrode formed on the second insulating layer, 
Wherein the ?rst contact hole is formed betWeen the ?rst 

electrode and the Wiring layer, to pass through the ?rst 
electrode and the interlayer dielectric, and to terminate 
at an inside of the ?rst insulating layer, and 

Wherein a second contact hole is formed above the ?rst 
insulating layer so as to be connected to the second 
electrode. 

2. A semiconductor device according to claim 1, Wherein 
the ?rst insulating layer is an element-isolation region, Which 
isolates adjacent semiconductor elements. 

3. A semiconductor device according to claim 1, Wherein 
the barrier metal layer is of a material selected from Ti, W, 
Mo, TiSi, TiN, TiW and WSi. 

4. A semiconductor device according to claim 3, Wherein 
the barrier metal layer is of Ti (titanium) and the ?rst electrode 
is of Poly-Silicon. 
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6 
5. A semiconductor device according to claim 1, Wherein 

the barrier metal layer is alloyed With the ?rst electrode. 
6. A semiconductor device according to claim 1, Wherein 

the barrier metal layer is alloyed With the ?rst electrode by an 
RTN (Rapid Thermal Nitridation) process. 

7. A semiconductor device according to claim 1, Wherein 
the ?rst contact hole is formed by a tWo-step process, in Which 
an intermediate hole is formed to an upper surface of the ?rst 
insulating layer in a ?rst step and the ?rst contact hole is 
completed in a second step. 

8. A semiconductor device according to claim 7, Wherein 
the ?rst and second steps are of etching process With different 
process conditions. 

9. A semiconductor device according to claim 1, Wherein 
the ?rst electrode is a loWer gate of a capacitor, and the second 
electrode is an upper gate of a capacitor. 

10. A semiconductor device according to claim 1, further 
comprising: a non-volatile memory cell formed on the semi 
conductor substrate. 

11 . A semiconductor device according to claim 10, Wherein 
the non-volatile memory cell includes 

a source region formed on the semiconductor substrate; 
a drain region formed on the semiconductor substrate; 
a tunnel oxide layer formed over the source and drain 

regions; 
a second contact hole formed through the interlayer dielec 

tric betWeen one of the source and drain regions and the 
Wiring layer; and 

a third contact hole formed through the interlayer dielectric 
betWeen one of the source and drain regions and the 
Wiring layer. 

12. A semiconductor device according to claim 1, Wherein 
the second insulating layer is superposed betWeen the ?rst 
electrode and the second electrode. 

13. A semiconductor device according to claim 1, Wherein 
at least a portion of the second electrode is directly over the 
?rst electrode. 

14. A method for fabricating a semiconductor device, com 
prising: 

providing a semiconductor substrate; 
forming a ?rst insulating layer on the semiconductor sub 

strate; 
forming a ?rst electrode on the ?rst insulating layer; 
forming an interlayer dielectric over the ?rst electrode; 
forming a ?rst contact hole to pass through the ?rst elec 

trode and the interlayer dielectric, and to terminate at an 
inside of the ?rst insulating layer; 

forming a barrier metal layer on an inner surface of the ?rst 
contact hole; 

forming a Wiring layer on the ?rst contact hole so that the 
Wiring layer is electrically coupled to the ?rst electrode; 

forming a second insulating layer over the ?rst electrode; 
forming a second electrode on the second insulating layer; 

and 
forming a second contact hole above the ?rst insulating 

layer so as to be connected to the second electrode. 
15. A method for fabricating a semiconductor device 

according to claim 14, further comprising: alloying the bar 
rier metal layer With the ?rst electrode. 

16. A method for fabricating a semiconductor device 
according to claim 15, Wherein the barrier metal layer is 
alloyed With the ?rst electrode by an RTN (Rapid Thermal 
Nitridation) process. 

17. A method for fabricating a semiconductor device 
according to claim 14, Wherein the ?rst insulating layer is an 
element-isolation region formed by LOCOS technique. 
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18. A method for fabricating a semiconductor device 
according to claim 14, Wherein the ?rst electrode is a loWer 
gate of a capacitor, and the second electrode is an upper gate 
of a capacitor. 

19. A method for fabricating a semiconductor device 
according to claim 14, Wherein the barrier metal layer is of a 
material selected from Ti, W, Mo, TiSi, TiN, TiW and WSi. 

20. A method for fabricating a semiconductor device 
according to claim 14, Wherein the barrier metal layer is of Ti 
(titanium) and the ?rst electrode is of Poly-Silicon. 

21. A method for fabricating a semiconductor device 
according to claim 14, Wherein the step forming the ?rst 
contact hole includes 

forming an intermediate hole to an upper surface of the ?rst 
insulating layer; and 

completing the ?rst contact hole to get into the ?rst insu 
lating layer. 

22. A method for fabricating a semiconductor device 
according to claim 21, Wherein the step forming the ?rst 
contact hole is carried out by tWo step of etching process With 
different conditions. 
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23. A method for fabricating a semiconductor device 

according to claim 14, further comprising: forming a non 
volatile memory cell on the semiconductor substrate. 

24. A method for fabricating a semiconductor device 
according to claim 23, Wherein the non-volatile memory cell 
includes 

a source region formed on the semiconductor substrate; 
a drain region formed on the semiconductor substrate; 
a tunnel oxide layer formed over the source and drain 

regions; 
a second contact hole formed through the interlayer dielec 

tric betWeen one of the source and drain regions and the 
Wiring layer; and 

a third contact hole formed through the interlayer dielectric 
betWeen one of the source and drain regions and the 
Wiring layer. 

25.A semiconductor device according to claim 13, Wherein 
at least a portion of the second insulating layer is disposed 
directly over the ?rst electrode, and directly under the second 
electrode. 


